focusing or collimation. A stack of absorbers realize various low energy cutoffs (pink beam) and take off part of the heat burden. The double multilayer monochromator (DMM), offering a bandwidth of 1.5 % (rel.), is very suitable for high flux applications and operates as an effective prefilter for the double crystal monochromator. The latter may be equipped with various crystal pairs showing bandwidths between 0.02% and 0.005% (rel.), which are prerequisites for X-ray diffraction (XRD) and X-ray absorption spectrometry (XAS). b) The principle set up and dimensions of the BAMline.
Finally, crossed slits cut a window out of the beam. The window size may vary from 10 µm x 10 µm up to the 1 mm x 1 mm range. The principal set up can be seen in Fig. 1b [6] . At the WLS a microfocus beamline will start operating in the near future. Its advantage over the BAMline is focusing (10 -20 µm) at high bandwidth, respectively high photon flux. The microfocus is especially suited for speedy scanning in order to perform laterally resolved SAXS or XRS. Using its narrow band mode it allows highly resolved X-ray absorption spectrometry (XAS) [7] . 
Reflectometry
In modern technology nanometer layers play a role of growing importance. It is obvious that it is worthwhile to know their properties like mean thickness or their composition very well. Due to its omnipresence hydrogen will be found in those layers independently from the production technology such as electrochemical or vapour deposition. Hydrogen is very mobile and can act as an atomic marker. For this purpose the nuclear reaction
is made use of, bombarding the sample with accelerated 15 N-ions. As the differential cross section dσ (E)/dE of the above reaction has the shape of a narrow spike at the resonance energy E res = 6,385 MeV hydrogen depth profiling becomes possible due to the continuous energy loss of the 15 N ions in matter, when tuning their primary energy. A diamond-like carbon (DLC) layer on silicon was investigated. The measured intensity of the γ-quanta N γ / Ν ion (N γ / Ν ion : γ-yield per incident ions) in dependence on the energy of the 15 N ions delivered a rectangular profile over the energy range ΔE, which amounted to (323 ± 3) keV in that case (see Fig. 2a ). The absolute hydrogen content c H ~ S·N γ / Ν ion can only be determined, if S, the stopping power, is known. S describes the energy loss of the ions with path length: S = dE ion / dx. The transition to finite path lengths delivers S = ΔE/d. As ΔE is known from the profile, the layer thickness d has to be still determined. Therefore, synchrotron radiation based X-ray reflectometry was performed. Depending on the constructive / destructive superposition of coherent waves, reflected at the surface and at the interface, respectively, a sinusoidal variation of the reflectivity in dependence on the reflection angle is observed, showing a large number of maxima/minima (see Fig. 2b ). d may easily be determined from the angular distance between neighbouring extrema. With d = (219 ± 7) nm (Fig. 2c ) the stopping power can directly be quantified: S = 1,475 keV / nm. Now the yield of γ-quanta per incident ion can be converted into the absolute hydrogen content using the equation mentioned above. On this basis certified reference materials (CRMs) for hydrogen are under preparation at BAM [8] .
Energy Dispersive X-Ray Fluorescence
The certification of reference materials is one of the main tasks of BAM. Among them CRMs of chemical composition play the dominant role. In a first step a CRM candidate is subjected to a homogeneity test. If the result fulfils the preset conditions the real certification scheme is carried through, drawing benefit from the experience of several laboratories and the capability and independence of various chemical analytical methods. Although non-destructive procedures are very welcome as their "chemical yield" equals unity, energy dispersive X-ray spectrometry EDXRS has been excluded traditionally from the certification process. This is caused by the risk of spectral superposition or incorrect background subtraction. Moreover, new CRMs must not be traced back to existing ones, but to the Système International (SI) d'unités . The objective is now to qualify synchrotron radiation based EDXRS to become a certifying method. Hereby monochromaticity of radiation and selection of appropriate radiation energy are indispensable tools. The use of SyXRF for certification has been successfully demonstrated for trace element contents in pure copper and in an Al-alloy. Based on measurements of pure and thick samples of the main constituents a calibration curve can be constructed for every trace element to be analysed, called analyte. For the first time analyses delivered by SyXRF were included into a certification report of a national metrological institute (NMI) worldwide (see Fig. 3a and 3b) and contributed to certified values [9, 10] . 
X-Ray Absorption Near Edge Spectroscopy of Chromium
As already mentioned, a legal task of BAM is the certification of CRMs. There is a growing demand to "species" CRMs, in which not only the concentration of an element but also the fractions of its different chemical bonding forms are certified. The reason is, that properties like toxicity or receptivity at food intake may tremendously depend on the chemical
Laboratory bonding of the element. Popularly speaking, John can not improve his body iron status by sucking a rusty nail. Consequently, ruling boards have fixed thresholds for element species in packing materials such as glass for bottles. In order to guarantee the fulfilling of these legal demands, adequate species CRMs and on-site methods of analytical chemistry will have to be developed more and more in the future. A given example is the determination of Cr(III) -and Cr(VI) -contents in glass produced for containers. Chromium is regarded as carcinogenic and causing allergies. Cr(VI) is considered 100 times more toxic than Cr(III) . Thus, it is necessary to differentiate between Cr(III) -and Cr(VI) -contents. For this purpose a CRM was developed in a collaborative work of BAM and International Commission on Glass (ICG) [11] . In this CRM the mass fractions of total chromium and of hexavalent chromium are certified, the latter based on a wet chemical method developed by ICG [12] . As the availability of an independent and even non-destructive analytical method is always worthwhile in analytical chemistry, Xray absorption near edge spectroscopy (XANES) was applied to the CRM and to three other glass samples. XANES is performed by fine tuning of the energy of incoming photons in steps of 1 eV over the range around the Cr K-edge using a highly resolving double crystal monochromator (DCM) and measuring the fluorescence radiation by a Si(Li)-detector. The resulting curve shape differs in detail from those presented in most textbooks for the Kedge absorption behaviour. The slight deviations, peaks and wiggles apart from the "rectangular" K-edge are the consequence of multiple scattering of the low kinetic energy photoelectrons by neighbouring atoms. The following information can be drawn from the data in general:
oxidation state is correlated with the position (inflection point) of the edge coordination and molecular orbitals influence "white" peak height and shape of the wiggles comparison with spectra of samples of known species allows for "fingerprinting" and in some case semi-quantitative evaluation of samples under investigation. The XANES spectra are displayed in Fig 4. Fortunately, Cr(VI) exposes a pre-edge peak, which is minute and shifted to a somewhat lower energy in the Cr(III) -spectrum. This feature allows even the quantitation of the Cr(VI) -fraction as the height of the edge is proportional to the total Cr-content. [13] the relative intensity of the prepeak (compared to the edge height) is 0.085 for Cr(IV) and 0.46 for Cr(V), whereas own measurements gave 0.83 for Cr(VI). If Cr(IV) and/or Cr(V) were present in the solid phase, which will be oxidized to Cr(VI) in the dissolution process of the chemical separation, the difference of the results could be explained. As Cr(IV) and Cr(V) are considered instable for most conditions, this assumption has to be regarded with caution.
Consequently, methods such as RAMAN, FTIR or EPR have to be tried to tackle this problem. In general, XANES offers a good capability to contribute to speciation analysis in solids.
Tab. 2 Comparison of the results of wet chemical analysis and XANES determination of Cr(VI) fraction in glass.

Synchrotron Radiation Enhanced Growth of Gold Clusters in Glass
In addition, SyXRF can successfully assist the development of new types of materials. Such an example is the controlled growth of gold clusters in Ca-Na-silicate glass [14] . An impressive property of such metal clusters is the size dependent excitation of so called surface plasmon polaritons. The interaction of a photon with the cluster at resonance generates a collective oscillation state of conducting electrons [15] . The resonance conditions depend e.g. on the size, the morphology and topology of the metal clusters. If these parameters can be controlled, the development of ultrafast optical switches in the THz region gets within reach. Especially, gold clusters show a promising potential for creating future nano-circuits. Being still far from technical realization there is a necessity of finding the methods how to influence size, morphology etc. systematically. Approximately 35-g batches were mixed and melted at 1450 °C for 90 min in an electric furnace. The glass melt was then slowly cooled down to room temperature and cut, samples were polished to sizes of 10×10×1.00 mm 3 . To confirm the gold concentration in the glass, the samples have been examined with SyXRF. The result of the SyXRF measurement was, that the gold concentration in the glass is 0.005 weight % (0.002 mol%) , one order of magnitude less than expected. This means, assuming a uniform distribution of the particles, each gold atom occupies a cube with 14 nm side length. The mechanism which leads to the loss of gold is not quite clear [16] . During the XRF measurements it has been observed that the glass changed colour. This induced the idea to irradiate the glass to force this colouring.Therefore selected samples were irradiated with a photon flux density of 10 12 photons mm -2 s -1 on a defined area with states X-ray radiation (32 keV) for 300 s. During this irradiation the activated area turned brownish (Fig. 5a ). In the subsequent thermal treatment the glass samples were placed into a platinum crucible and annealed in a muffle furnace.
Subsequently Au L III -edge XANES spectroscopy was used to study the effect of synchrotron radiation on the oxidation state. In our studies a gold film with a thickness of 40 nm on silica glass and gold(III) oxide were used as reference materials. The cationic gold standard shows distinct white lines (caused by transitions of 2p electrons into vacant 5d states) at 11 922 eV (Au III ) and can be clearly distinguished from Au 0 samples, whose spectra do not show any white lines. A XANES spectrum was recorded for the activated area of a gold silicate glass. If the oxidation states ±0 and/or +III of gold exist in the sample, its spectrum should be composed additively of the reference spectra. Therefore the spectra of the gold film and gold(III) oxide were added in different proportions (Fig. 5b) . The L III edges of the gold film and gold silicate glass were found to match almost exactly. The white line at 11 922 eV in the glass spectrum also indicates a minor fraction of gold(III). To confirm the assumptive composition extinction and SAXS measurements can be performed. Using new optics at the BAMline, it will be possible to activate the glass with a spatial resolution in the μm range and to write structures inside of the glass. Combined with a spatially resolved tempering, this can even be used to create three dimensional optically active structures. β α
Investigation of Unique Objects of Art by X-Ray Fluorescence
When scientific problems arise regarding origin, history or restauration of unique and valuable objects of art and methods of natural science are able to help, non-destructive testing is especially welcome. The division of nuclear analysis at BAM has a long tradition of "NDT meets art". Since the BAMline was put into routine operation in 2002, sensitive silver point drawings of Dürer, van Eyck and other artists were investigated. The results were of use to the custodies of the museums and are documented here [17] [18] . Another branch was the analysis of gold objects. In this context the most prominent piece was the Sky Disc of Nebra, a roughly 3600 years old reproduction of the sky. On the disk there are 32 stars, two of originally three curved gold bands along the rim and two complete celestial forms which probably represent the sun and moon or, alternatively, the full and a crescentshaped moon. Two of the curved gold bands on the rim most likely represent horizons while the third one is interpreted as a celestial bark. Most of the stars seem to be arranged in an aesthetic way with aiming to fill the empty spaces between the larger objects more or less regularly. However, a constellation of seven stars can be clearly identified as a representation of the Pleiades whose visibility in the evening sky has been used for calendrical purposes in many cultures. The question was, whether this composition was of common origin or had developed step by step in different periods of completion according to the purpose of the disc. SyXRF of minor components such as silver and tin gave the basis of a cluster analysis resulting in the separation of three distinctly different groups: 1. sun, moon and the majority of the stars, 2. horizon and one single shifted star and 3. the so called bark. This supports the theory that the disc was completed in four phases, representing progress in knowledge and a change of religion and purpose. The first step was a reproduction of the sky, including the Pleiades as a marker for seed and harvest. In the second phase, the horizon directing with its end to the top of the famous hill "Brocken" in Harz Mountains and taking into account the momentary points of sunrise and sunset it could be used as some sort of calendar. In the third phase the bark, transporting the sun from the point of set to the point of rise, was added. This is a clear hint at Egyptian influences in Europe even during the bronze age.
In a fourth phase many equidistant holes have been drilled near the circumferential rim of the disc. Their purpose is not known up to now. This example and many others show that the cooperation of different disciplines can lead to new insights and that methods a) b) c) developed for purpose of natural science and technology may help to clear up details of our cultural heritage [19] .
Conclusions
The use of synchrotron radiation at BAM for various types of analysis of solid samples could be demonstrated successfully. Main results are the implementation of reflectometry on thin surface layers and the qualification of energy dispersive X-ray fluorescence for certification and its use for highly specialized analyses, first examples of X-ray absorption spectrometry for speciation analysis of chromium and gold in glass. Analysis of unique objects of art was introduced as a by-product being of broad interest to the public.
In future the certification of trace elements has to be complemented by that of minor and major components through introduction of synchrotron radiation based wavelengthdispersive X-ray fluorescence (SyWDXRF) and more sophisticated evaluation schemes including general Monte Carlo codes and improved fundamental parameters.
Moreover, X-ray absorption spectrometry has to be combined with other methods of structural analysis in order to strengthen the reliability of statements deductions and to open new ways for solving problems.
Finally, the experimental environment has to be completed primarily by versatile insitu capabilities.
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